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The purpose of this project was to design a constant tension braking device for Fort Wayne Metals.  The 
device is to be implemented in a Bartell B-62 tubular strander.  The constant torque braking device 
currently being used was redesigned in an effort to allow adjustment of the braking torque during 
strander operation.  The intent of this adjustment is to provide more consistent tension as the wire pays 
off the spool at differing radial distances.   
Assembly of the braking assembly was completed in several steps.  The cradle plates were first 
positioned and bolted together using dowel pins and socket head screws.  The cradle arm, setting bar, 
and clamping bar were bolted to the side of the cradle.  The motor was fastened to its motor frame; this 
frame and the gearbox were then bolted to the side of the cradle.  The position of these two 
components was critical in minimizing misalignment of the motor shaft and the gearbox input shaft.  The 
adjustment coupler was attached to the output gear of the worm gear train and held in position with a 
brass key. The center shaft was installed and bolted, and then the magnetic disc was placed on the 
coupler’s dowel pins and threaded onto the center shaft.  The spindle assembly was then slid into place.  
The battery was installed and covered with a steel cover.  The wireless receiver and its cover were 
bolted to the bottom of the cradle.  The battery, motor, and receiver were then wired together. The 
final cost of production was approximately $4500.   
A test stand was constructed consisting of a steel frame with an aluminum plate attached to the top.  
The cradle was bolted to the plate for testing purposes; near the end of the cradle at which the wire 
leaves, a system of idler pulleys was attached to the stand with a tension sensor pulley mounted 
between.  This sensor sent a voltage signal to a manual readout gauge, and also sent the signal to the 
data acquisition system and laptop where it was converted to a tension reading.  After passing through 
this tension sensor pulley configuration, the wire then went to a constant velocity take-up device. 
Testing of the braking system was performed with two diameters of stainless steel wire: 0.009” and 
0.015”.  Five desired tensions were tested ranging from 0.5 lbf to 2.1 lbf.  Voltage data was acquired 
from the tension sensor through an acquisition system and was recorded into a spreadsheet file on an 
attached laptop throughout the life of the spool.  The large number of voltage data points were 
averaged over small time intervals and converted to average tension values using a voltage-tension 
calibration curve.  These tension values were then plotted against time for observation.  
Tension plots over spool run times were created for the five performed tests.  The results of testing 
show that the range in tension over a spool run time was decreased substantially.  The new braking 
design produced an average tension over the spool run time very close to the desired tension, and 
decreased the standard deviation significantly.  The new braking design decreased the overall tension 
fluctuation over a spool’s run time by over ten percent on average.  A recommendation to improve the 
performance of the system would be to add a feedback loop to adjust the system’s braking torque. 
The final design adequately meets the requirements of Fort Wayne Metals. The conceptual braking 
design was proven to provide much more consistent wire tension than its predecessor, is adjustable 
during strander operation, provides braking torque without dry friction, fits in the barrel of the strander, 
and costs less than $10,000.00.   
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The final design was based on the chosen conceptual design from ME 487 Senior Design I.  While several 
minor modifications were made to the chosen design, the final design contained all components that 
were previously analyzed.  The final design incorporated the same gear train, cradle components, 
controller, and magnetic hysteresis brake components. 
 
Figure 1: Final Conceptual Design Model 
Section 3.1 – Cradle 
The composition and dimensions of all cradle components remained consistent with the chosen design.  
The five plates of the cradle were machined from 6061 aluminum and were bolted together.  The plates 
were machined from bulk metal plates of 0.375” thickness.  On each of the two end plates of the cradle, 
the designed steel tubes were pressed into the machined holes.  The final component of the cradle 
assembly was the plastic bushing that was pressed into one of the steel tubes.  A model of the cradle 
assembly with its final dimensions is shown in Figure 2 below. 
 
Figure 2: Cradle Assembly 
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Section 3.2 – Cradle Arm 
The cradle arm was machined from a bar of 6061 aluminum.  The clamping bar that pivots at the end of 
the cradle arm was machined from the 6061 aluminum also and bolted to the appropriate hole on the 
cradle arm.  No modifications were made to these components, and all were machined to the 
dimensions of the chosen design.  The bolts and spring pin assemblies were purchased from the 
sponsor’s hardware supplier.  A model of the final cradle arm and clamping bar assembly is shown 
below. 
 
Figure 3: Cradle Arm 
Section 3.3 – Center Shaft 
 The center shaft in the final design was machined from 4140 pre-hardened steel.  Threads were 
machined at 32 threads per inch, and a fillet between the large diameter portion and the small diameter 
portion of the shaft eliminated stress concentrations in that area.  The squared end of the small 
diameter portion of the shaft was to be placed through a squared hole to eliminate rotation of the shaft.  
All dimensions of the chosen design were used in the final shaft design.   
 
Figure 4: Center Shaft 
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Section 3.4 – Coupler 
The coupler mechanism was modified slightly for the final design.  The original design, shown below, is 
made up of one piece of 4140 pre-hardened steel.   
 
Figure 3: Coupler Mechanism Model 
As seen in the previous figure, the coupler consists of two sections of tubing with a large diameter disc 
at its end.  The smallest section of the coupler was machined for proper inner and outer diameter; a slot 
for a keyway was then inserted along this portion of the coupler.  The second larger tube section of the 
coupler was machined for inner and outer diameter only.  The disc portion of the coupler contained 
eight holes in addition to and parallel to the center hole.  Four of these additional holes were small to 
hold dowel pins, and four of these holes were large to reduce weight and amount of material of the 
coupler.  All dimensions from the chosen design were used for the coupler with exception of the small 
dowel pin holes.  These holes were increased from 1/8” to 3/16” to hold larger dowel pins.  Because the 
dowel pins were larger than originally designed, a small amount of material was removed from the edge 
of the hysteresis plate to maintain proper clearances between the pins and the plate. 
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Section 3.5 – Motor & Controller 
The final braking system design implemented the motor and controller selected in the chosen design 
from the previous semester.  The chosen motor was manufactured by Crouzet and provided 4.425 inch 
pounds of torque to the power train.  The motor can be seen in the figure below. 
 
 
Figure 4: Picture of Selected Motor 
The controller suggested by the Fort Wayne Metals automation engineer was a National Control Devices 
MirC Relay Pair.  The 4-channel pair was selected for the final design and an enclosure for the specific 
receiving circuit board was purchased.  See the figure below for a picture of the wireless relay receiver. 
 
Figure 5: Image of National Control Devices 4-Channel MirC Relay Receiver 
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Section 3.6 – Battery & Cover 
The battery selected in the chosen design in the previous semester was replaced with a battery pack of 
similar size but with a larger capacity.  Calculations in the original design showed that the braking system 
would require no more than 1012 mA-h to run a 10 hour cycle during strander operation.  The battery 
initially chosen would have provided approximately 17 hours of run time for the motor and controller.  
The new battery should run the braking system for approximately 44 hours before battery recharging or 
replacement is required.  The battery is shown below. 
 
Figure 6: Image of Battery Pack 
The battery cover was constructed from a 1/8” mild steel sheet.  Three bends were made using a metal 
brake and two holes were drilled through one flange of the cover.  These holes were aligned with 
threaded holes on the cradle to allow the cover to be bolted securely.  Several other larger holes were 
placed in the cover to reduce the cover’s weight and reduce the difficulty of removing or positioning the 
cover.   A photo of the cover after it was constructed is shown below. 
 
Figure 7: Model of Battery Cover 
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Section 3.7 – Gearbox 
The gearbox selected in the original design was used in the final design and in testing of the braking 
system.  This gearbox is manufactured by Rino Mechanical Components Incorporated.  The gearbox 
provides a gear ratio of 10:1 at a calculated efficiency of approximately 79%; it is considered an 
adjustable reduced backlash gearbox.  The gearbox is shown in the figure below. 
 
Figure 8: Representative Photo of P40-A Gearbox   
 
Section 3.8 – MATLAB Program 
The program code that was created in the previous semester was changed significantly prior to and 
during testing.  In early testing sessions, it was discovered that the program could use its previous inputs 
to determine the duration at which the motor should run for each adjustment, the time duration 
between the starting time and the first adjustment, and the decrement of the time duration for each 
adjustment.  This new system of programming utilized both a laptop with the program code and the 
strander controller.  The wire and spool data was entered into the program code for each test, and the 
program would output the appropriate starting time interval, decrement, and motor run duration.  
These code outputs were entered into the strander controller, which then controlled the motor 
wirelessly based on this data. 
An addition was also made to the program code and strander controlling device to allow the user to set 
the initial position of the magnetic disc.  To enable this feature, a specific ‘home’ position was 
experimentally determined from which all magnetic disc movement would originate.  The home position 
was found to be the position at which the braking system provided 1 in-lb of braking torque, as 
determined using a calibrated tension meter.  Markings were made on the magnetic disc to correlate its 
home position to the cradle and spindle to enable repeatability of the brake setting procedure.  The 
program code used the appropriate wire and spool information to determine the time duration and 
direction at which the motor should run to achieve the desired starting braking torque.  This duration 
and direction were entered into the appropriate input screen on the strander, which would then run the 
motor for the appropriate time interval.  With the initial braking torque set, the strander controller 
could then begin controlling the braking torque decrement steps explained previously.     
14 
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Section 3.1 – Cradle Assembly 
The first unit to be assembled for the braking system was the cradle.  This consisted of the five plates of 
aluminum bolted together with two steel tubes inserted to the end plates.  The cradle arm assembly 
was also an important constituent of the cradle.   
The first step in assembly the cradle was to insert the dowel pins into their appropriate holes in the side 
and end plates of the cradle.  These were pressed into place with an arbor press.  The dowel pins in the 
side plates were then inserted into the corresponding holes in the bottom cradle plate.  Socket head 
bolts were used to fasten the side plates to the bottom plate.  The end plates contained dowel pins that 
would slide into the bottom plate and side plates when applicable.  After pushing these dowel pins into 
their appropriate holes, socket head bolts were again used to fasten the end plates to the side and 
bottom plates.  The steel tubes that were to be placed into the cradle end plates were placed into a 
freezer to contract their outer diameter slightly.  They were then positioned in the end plates and 
allowed to expand to room temperature to make a tight fit.  When the tubes were positioned, the white 
plastic bushing was inserted into the tube through which the wire would pass.  An image of the basic 
cradle assembly is shown below after construction. 
 
Figure 9: Basic Cradle Assembly 
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After the basic cradle assembly, the cradle arm, clamping bar, and setting bar can be attached to the 
cradle.  This was achieved by inserting the shoulder bolt through the correct hole on the cradle arm, 
cradle side plate, and setting bar.  A lock nut was placed on the threads of this bolt to keep all 
components in close proximity to one another while allowing all components to pivot without 
unscrewing the nut.  A countersunk head bolt was inserted through the appropriate holes on the cradle 
arm and clamping bar to allow the bar to pivot.  This bolt was also held in place with a lock nut to 
eliminate unscrewing of the nut during pivoting.  Threads were inserted into the other two holes on the 
cradle arm to allow insertion of the spring loaded pins.  Loctite was placed on the threaded portion of 
the spring loaded pins and they were inserted into the cradle arm.  One of the pins held the angular 
position of the cradle arm in the horizontal or vertical position, while the other pin secured the clamping 
bar in place around the spindle bearing.  The cradle assembly with all arm components installed is 
shown in the image below. 
 
 
Figure 10: Cradle Assembly with Arms Installed in Working Position 
 
Figure 11: Cradle Assembly with Arms Installed in Reload Position 
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Section 3.2 – Power Train and Brake Assembly 
The first power train component to be installed on the cradle was the gearbox.  This was installed with 
its input shaft horizontal and situated above the output shaft.  Because the countersunk head screws 
pass through both the holding plate and gear box, the holding plate and gear box were bolted to the 
side of the cradle together.  The bolts were threaded partially into the cradle but were not tightened at 
this point.  An image of the gearbox and holding plate installed on the cradle is shown below. 
 
Figure 12: Gearbox and Holding Plate on Cradle 
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The next step in the construction of the braking system’s power train was the installation of the electric 
motor.  Because the coupler joining the engine and gearbox was a rigid beam, zero backlash coupler, it 
could not be installed after the motor shaft and gearbox input shaft were in position.  The coupler was 
slid onto the input shaft of the gearbox as far as possible, and then the motor was connected and 
tightened to the motor frame with countersunk head screws.  The motor and frame assembly was then 
bolted to the side of the cradle with socket head screws; these screws were started but not tightened.  
At this point, the coupler was slid over to the motor’s output shaft and tightened on both the motor 
output shaft and the gearbox input shaft.  Using the small clearances around the mounting bolts, the 
positions of the gearbox and motor assembly were slightly adjusted to minimize shaft misalignment 
between the two assemblies.  When this misalignment was minimized, the gearbox mounting bolts and 
the motor frame mounting screws were tightened to the cradle.  The cradle with these power train 
components installed is shown below. 
 
Figure 13: Motor and Gearbox Assembly- View 1 
 
Figure 14: Motor and Gearbox Assembly - View 2 
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After the installation of the motor and gearbox, the adjustment coupler mechanism could be installed.  
This coupler contained a groove for a keyway, and was designed to slide into the keyed output gear of 
the gearbox.  The key was installed into the coupler and the coupler was slid into the output gear collar 
until it made light contact with the holding plate.  An image of the installed coupler is shown below. 
 
Figure 15: Coupler Installed in Output Gear 
With the coupler installed, the center shaft could be placed into the system.  The small, unthreaded end 
of the center shaft was slid through the coupler mechanism; its squared end was positioned into the 
square-cut hole in the holding plate.  A small screw and washer were used to fasten the center shaft to 
the holding plate; this screw eliminated any linear movement of the shaft, while the squared end 
eliminated any rotation of the shaft.  An image of the installed center shaft is shown below. 
 
Figure 16: Center Shaft Installed through Coupler 
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With the center shaft installed, the first component of the hysteresis brake could be installed.  The 
motor-gearbox coupler was loosened to allow free spinning of the gear box input and output shaft.  The 
magnetic disc was placed on the dowel pins protruding from the coupler mechanism and pushed toward 
the gearbox until the magnetic disc made contact with the threads on the center shaft.  At this point, 
the input shaft of the gearbox was rotated to thread the magnetic disc onto the center shaft.  When the 
magnetic disc was threaded on sufficiently, the motor-gearbox coupler was retightened.  An image of 
the installed magnetic disc is shown below. 
 
Figure 17: Magnetic Disc Installed on Center Shaft 
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After installing the center shaft and magnetic disc, the bearings on the spindle and hysteresis plate 
assembly could be placed into the countersunk hole on the threaded end of the center shaft.  When the 
spindle was pushed in completely, the cradle arm was lowered and clamped to the bearing on the 
opposite end of the spindle assembly.  At this point, the mechanical components of the braking system 
were installed; an image of the entire mechanical assembly is shown below. 
 
Figure 18: Spindle and Hysteresis Plate after Installation 
 
Figure 19: Top View of Installed Braking Driveline Components 
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Section 3.3– Electrical Component Assembly 
The battery was placed on the interior area of the cradle, lying on the bottom plate.  The steel battery 
cover was placed over the battery and bolted to the end plate of the cradle, fastening both the cover 
and the battery under it to the cradle.  The wires from the battery were routed to a charging port and to 
the wireless controller receiver.  The charging port was fastened to the edge of the battery cover for 
easy access.  An image of the battery, battery cover, and charging port are shown below. 
 
Figure 20: Battery with Charging Port and Cord 
 
Figure 21: Battery with Cover after Installation 
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 The controller receiver was temporarily fastened first to the test stand and then to the bottom of the 
cradle using cradle support bolts.  Adhesive wire ties were used to keep the receiver’s wiring attached to 
the side of the cradle.  Images of the controller receiver during testing are shown below. 
 
Figure 22: Controller Reciever Prior to Installation on Cradle 
 
 
Figure 23: Controller Reciever after Installation on Bottom of Cradle 
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The battery, motor, and controller receiver were connected using small diameter solid copper wire.   To 
reduce the risk of wiring touching the strander barrel, jacketed wire containing three wires was used 
along with adhesive tie strap holders.  A two pin connector was used to isolate the battery and charging 
port from the controller receiver during battery charging.  The wiring diagram for the cradle is shown 
below.   
 
Figure 24: Cradle Wiring Diagram 
 
With all components installed and wiring completed, testing of the new braking system could begin. 
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Section 5: Testing 
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Section 5.1 – Testing Setup 
During actual operation of the braking system in the strander, the cradle will be supported by the 
strander bearings and no tension sensing device will be implemented.  It will also hold the wireless 
receiver in an enclosure at its bottom surface.  For the temporary testing apparatus, the cradle was 
mounted behind the take-up mechanism and a tension sensor with a data acquisition system was 
mounted between the cradle and take-up device.  The wireless receiver for the cradle was mounted to 
the test stand rather than to the bottom of the cradle for testing.  This setup allowed for a portable 
cradle and sensor test stand that could be used on any type of take-up device; the setup is shown below. 
 
Figure 25: Cradle and Tension Sensor on Test Stand   
Because the wire tension throughout the life of the spool was the most important parameter to meet, 
an accurate data acquisition system was required.  The tension sensor system consisted of a three pulley 
sensor; two idler pulleys were bolted stationary to the test stand and the sensor pulley was mounted in 
between.  Care was taken to ensure that the angle of the wire touching the three pulleys was close to 90 
degrees to increase the accuracy of the sensing device.  When the sensor and idler pulleys were 
mounted, the wire leads of the sensor were attached to a Magpowr Cygnus tension meter and 
controller.  For our testing, the controlling element of the Cygnus was not used; only the tension 
readout was used.  Technicians at Fort Wayne Metals attached the appropriate leads from the Cygnus 
meter to a LabJack data acquisition board that was attached to a laptop computer.  Using the LabVIEW 
program provided with the data acquisition board, the voltage readout from the tension sensor could be 
measured and recorded into an Excel spreadsheet file.   
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Calibration of the Cygnus meter was performed daily before testing.  Wire was routed through the 
tension sensing device and was placed over a free-spinning pulley on the take-up device.  A 1lb weight 
was then attached to the wire and allowed to hang freely.  Using simple commands on the Cygnus 
meter’s display, the meter could be calibrated to the hanging weight.  At this point, the data acquisition 
system was run for several seconds in an effort to find the average tension sensor voltage output for 
one pound of wire tension.  Five different weighting configurations were used to find the linear 
relationship between the wire tension and the voltage of the sensor.  When this relationship was found, 
actual testing with a spool of wire could begin. 
Testing was performed both on the strander and on a respooler take-up device.  Both implemented a 
slowly rotating capstan and a set of free-wheeling pulleys leading to a variable torque spool take-up 
device.  The strander, however, routed the wire through a series of eyelets on the rotating barrel before 
twisting the wire with several others and routing it to the capstan.  Images of the strander take-up and 
the respooler take-up are shown below. 
 
Figure 26: Side-by-side comparison of Respooler and Strander 
Initial unofficial testing of the braking system was performed on the respooler take-up device.  When 
the data seemed to work there, strander testing was performed.  After several tests, testing transitioned 
back to the respooler take-up device for a number of reasons.  First, the rotating barrel of the strander 
introduced substantial noise into the voltage readings, making the data scattered and less consistent.  
Second, the take-up device on the strander was working improperly.  This led to a large number of wire 
breakage issues in the middle of operation, which introduced a great deal of downtime reloading all 
spools and rerouting all wires to the strander’s capstan.  Finally, the wire passing through the strander 
was twisted into a strand, meaning that all wire used during this type of testing could not be reused.  
Testing on the respooler take-up device closely simulated the operation of the stander, but created less 
noise and allowed reuse of the wire.  This saved the sponsor thousands of feet stainless steel wire while 
giving us more accurate tension data for observation of the braking operation.  The final data sets and 
plots were created using the respooler take-up device.  Regardless of the take-up mechanism used, the 
strander’s control screen was used to wirelessly control the brake. 
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Section 5.2 – Testing Procedure 
To ensure that the brake would perform well in actual stranding processes, extensive testing of the 
system was completed.  The procedure for using the braking device during testing required a number of 
steps.  Prior to spool loading, the magnetic disc of the system needed to be placed at its home position 
where the brake provided 1 in-lb of braking torque.  To do this, the holding arm was lowered onto the 
squared portion of the spindle.  The manual buttons on the strander screen were used to rotate the 
magnetic disc forward or reverse until the markings on the magnetic disc lined up with the top of the 
gearbox.  At this point, measurements of the wire diameter, the spool traverse distance, the spool’s 
initial diameter, and the desired tension were entered into the program code to produce the initial run 
time interval, the initial time duration, the time duration decrement, and the motor run time for each 
step.  These values were placed into the strander input screen and the initial motor run time button was 
pressed.  This adjusted the magnetic disc to it appropriate position with consideration to the initial spool 
radius and desired tension.  The holding arm on the cradle was then lifted and the spool of wire was 
placed onto the spindle.  The cradle arm was then closed and clamped, and the wire was routed through 
the tension sensor and onto the capstan.  The take-up device was configured and wire was appropriately 
routed through its series of pulleys and onto a rotating empty spool.  The data acquisition system was 
connected and configured to allow voltage data from the tension sensor to be recorded into the proper 
spreadsheet file.  The take-up device was started at the same time as the cradle control on the strander.  
When the take-up was up to its proper operating speed, the voltage data was recorded through the life 
of the spool.  When the spool was nearly empty, the voltage data recording was terminated and 
remainder of wire on the spool was properly unloaded and wound onto the take-up spool.  The cradle 
control was turned to the off position on the strander screen and the take-up was shut down.  The 
magnetic disc was then rotated back to its home position using the manual controls on the strander to 
enable the next test to be executed from that point.   
Section 5.3 – Testing Data 
Testing was performed for three different desired tension settings for a wire of 0.015” diameter.  It was 
also performed for two different desired tension settings for a wire of 0.009” diameter.  For each wire 
size and tension setting, two tests were performed; one test utilized the previous constant torque 
braking design, while the second test utilized the new constant tension braking design.  The data 
acquisition system was used throughout testing to write the voltage data from the tension sensor to the 
appropriate spreadsheet file. 
After the data was written to the spreadsheet file from the data acquisition system for each test, the 
data was processed manually in Microsoft Excel.  Because the minimum data acquisition rate of the 
system was 50 data points per second, the spool run time yielded hundreds of thousands of voltage data 
points.  Using a macro written in Microsoft Visual Basic, the voltage values recorded from the tension 
sensor over every two-second interval were averaged and the voltage-tension curve was used to 
translate this average voltage into average tension over those two seconds.  This greatly decreased the 
number of data points and reduced some of the data noise introduced during testing.  These average 
values were then plotted against time to observe the tension changes over the life of the spool. 
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The plots relating the tension to the run time of the spool for each testing case are shown below.  They 
can be distinguished by their plot titles.  
 
Figure 27: Tension vs. Time Plot for 0.009" Diameter Wire and 0.50 lb Desired Tension  
 
 
Figure 28: Tension vs. Time Plot for 0.009" Diameter Wire and 0.75 lb Desired Tension 
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Figure 29: Tension vs. Time Plot for 0.015" Diameter Wire and 1.15 lb Desired Tension 
 
 
Figure 30: Tension vs. Time Plot for 0.015" Diameter Wire and 1.50 lb Desired Tension 
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Figure 31: Tension vs. Time Plot for 0.015" Diameter Wire and 2.10 lb Desired Tension 
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Section 6: Evaluation 
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The final braking system design needed to meet certain requirements to verify that the system can be 
used successfully when implemented by the customer.  Several of these requirements were met in the 
initial design by simple decision making by the design group.  Other design requirements were not 
verified until after construction, testing, and installation of the system into its working area in the 
strander.  The requirements that were met during the design process were the frictionless braking 
design parameter, the shutdown requirement, and the spool size used in the system.  The remaining 
requirements had to be verified by testing after construction.  These parameters included the constant 
wire tension parameter, the braking system’s overall size restriction, and the wireless or independent 
control requirement.    
Section 6.1 – Frictionless Braking Design 
The design parameter was met by utilizing the existing magnetic hysteresis brake.  The concept behind 
magnetic hysteresis is the alternate magnetizing and demagnetizing of a weak magnetic material.  The 
existing magnetic hysteresis brake utilizes strong magnets within the adjustment disc and a hysteresis 
plate in the end of the spindle assembly.  The magnetic interaction between magnets and the hysteresis 
plate moving in close proximity to each other causes the magnetizing and demagnetizing of the 
hysteresis plate.  The amount of braking torque is determined by the inverse proportionality of the 
distance between the magnets and the hysteresis plate.  This is a frictionless braking process and 
therefore satisfies the frictionless braking design requirement. 
Section 6.2 – Shutdown Requirement 
The shutdown requirement was a condition necessitating that the brake remained engaged to prevent 
freewheeling of the spool when the strander was shut down.  This means that the brake needs to retain 
the ability to create resistive torque on the spool at all times.   This is accomplished by utilizing the 
magnetic hysteresis brake.  The magnetic hysteresis brake will continue to supply resistive torque when 
the strander is stopped or even in the event of power supply failure.  The magnetic hysteresis braking 
system used for this project is identical to the old hysteresis brakes when the new controller system is 
turned off.  With the controller turned off the brake is held at a constant torque.  This means that even if 
the strander is shut down or the power supply fails, there will always be resistive torque on the spool by 
the brake. 
Section 6.3 – Spool Size Limitation 
The spool size limitation constrained the design to use the 4.5” x 3” Crellin spool.  This was accomplished 
by using the existing magnetic hysteresis brake design.  The spindle on the new braking system was 
modified, but only in length and a feature added to the end.  The shaft diameter was not changed so the 
Crellin spools can still be used with the new braking design.  Clearance was allowed when modeling the 
system to ensure that the outer edges of the spool would not touch the cradle or battery during spool 
installation or during strander operation. 
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 Section 6.4 – Constant Wire Tension 
The requirement for constant wire tension was achieved; the reduction in tension fluctuation can be 
seen in the tension plots shown in Figures 27 to 31.  Each plot shows a comparison of tension data with 
the braking system on and off.  In each case, the braking system is set to the desired tension set point.  
One spool was tested with the braking system off and a similarly sized spool was then tested with the 
braking system on.  When the braking system is off, it provides constant torque identical to the old 
magnetic hysteresis brake design.  When the braking system is on, the motor is activated at intervals 
determined by the MATLAB program code.  Each time the motor is activated, the motor will turn the 
coupler and slightly decrease the torque output of the brake.  These adjustments occur during operation 
as the wire is paying off the spool; this causes the tension to be more constant than it was with the 
previous design.  Error! Reference source not found. 27 to 31 shows how the wire tension steadily 
increases while the system is off, but stays relatively constant when the system is on.  Using the 
collected data, the group was able to determine the mean and standard deviation values for the tension 
data in each testing trial.  The table below shows these values for the completed trials. 
Table 1: Mean and standard deviation values for each of the testing trials 
Wire Size Tension Set Point [lbf] System ON System OFF System ON System OFF System ON System OFF
0.009 0.50 0.480 0.632 0.017 0.101 0.480 ± 0.017 0.632 ± 0.101
0.009 0.75 0.676 0.944 0.048 0.132 0.676 ± 0.048 0.944 ± 0.132
0.015 1.15 1.142 1.361 0.016 0.21 1.142 ± 0.016 1.361 ± 0.210
0.015 1.50 1.531 1.863 0.056 0.232 1.531 ± 0.056 1.863 ± 0.232
0.015 2.10 2.299 2.643 0.092 0.379 2.299 ± 0.092 2.643 ± 0.379
Average Tension *lbf+ (μ) Standard Deviation *lbf+ (σ)
Tension Readings [lbf]
μ ± σ
 
It can be seen from the table that the average tension values for trials with the system on were always 
closer to the tension set point values.  It can also be seen that the standard deviation values for these 
trials are always less than the values observed with the old design.  These two points mean that the new 
braking system not only provided more accurate braking torque, but also provided more consistent 
tension values.  This was true for each testing trial.  The new adjustable hysteresis braking design is a 
significant improvement over the original hysteresis brakes. 
The new braking system was able to hold ± 0.016 [lbf] in the best trial and ± 0.092 [lbf] of tension in the 
worst trial.  These values of standard deviation change with the mean tension values.  To more 
accurately compare each trial the standard deviation can be divided by the mean to produce a 
percentage.  These percentages can be directly compared for each trial.  The percentages can also be 
averaged to produce standard deviation estimation for other trials.  This value will be helpful in 
determining the expected standard deviation value during product use.  Table 2 on the following page 
shows the standard deviation percentages of their corresponding mean values as well as the average 
expected standard deviation percentage.  These percentages also give an easier way to compare the two 
sets of trails when the system is on and off. 
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Table 2: Standard deviation percentage values when compared to                                                                                            
corresponding mean value and average standard deviation value. 
System Wire Size
0.009 0.50 0.480 0.017 3.54%
0.009 0.75 0.676 0.048 7.10%
0.009 1.15 1.142 0.016 1.40%
0.015 1.50 1.531 0.056 3.66%
0.015 2.10 2.299 0.092 4.00%
0.009 0.50 0.632 0.101 15.98%
0.009 0.75 0.944 0.132 13.98%
0.009 1.15 1.361 0.21 15.43%
0.015 1.50 1.863 0.232 12.45%
0.015 2.10 2.643 0.379 14.34%
Tension Set 
Point [lbf]
OFF 14.44%
Percentage
(σ/μ)
Average 
Percentage
3.94%ON
Average Tension
 *lbf+ (μ)
Standard Deviation
 *lbf+ (σ)
 
It can be seen from this table that the percentages are dramatically lower in the trials where the system 
was on.  The average percentage when the system was on is 3.94%, while the average percentage when 
the system was off is 14.44%.  This once again proves the new braking system is an improvement over 
the original hysteresis brakes.  The second point we get from this table is that the average percent of 
standard deviation to mean is 3.94%.  This value can now be used to determine the estimated tolerance 
on any further testing trials as well as in production use. 
Section 6.5 – Braking System Overall Size Restriction 
The braking system is required to fit within the barrel of a Bartell B-62 strander.  The inside diameter of 
the barrel is 10 inches.  As a safety measure, the group decided to give 0.25 inch gap between the cradle 
and the barrel.  After assembly, the cradle was able to fit within the barrel of the strander.  This 
requirement was also met. 
Section 6.6 – Wireless or Independent Control Requirement 
A physically wired system could not be used due to the rotation of the barrel during operation.  The new 
braking system uses a wireless relay to turn the motor on at the appropriate time intervals and 
durations.  These time intervals and durations are determined from the operating conditions of the 
strander as well as the MATLAB programming.  The wireless receiver and transmitter were purchased as 
a matched pair and were preset to communicate with one another.  The wireless transmitter was 
mounted in the control box of the strander and the input terminals connected to the output terminals of 
the PLC.  The wireless receiver was mounted on the bottom side of the cradle and wired to the battery 
and motor.  The PLC was given the appropriate inputs from the MATLAB program and then sent signals 
to the receiver during operation.  These signals told the receiver which relay to close to turn the motor 
in the forward or reverse directions.  The braking system was wirelessly controlled from the strander 
PLC, therefore the requirement is met.    
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Section 7: Recommendations 
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After analyzing the data, it can be recommended that more cradles with adjustable torque output be 
created and implemented.  The proposed design shows many positive features.  The new brake will 
adjust by the press of a button, taking the human error out of the adjustment and lowering the 
possibility of inducing cogging in the magnets.  The new design surpasses the original brakes as far as 
accuracy and precision of torque output.  Fort Wayne Metals must weigh the benefits of implementing 
this new design versus the cost of each cradle.   
During and after completion of this project several possibilities for improving the design were found.  
The first and most obvious improvement would be to redesign the hysteresis braking system and 
incorporate a feedback system with a tension sensor.  The current design is an open loop design and 
relies on timing to adjust the brake.  This is a problem because if the brake is adjusted forward and 
backward multiple times the error of the timing system builds up.  A feedback system would not have 
this problem because it would simply adjust to keep the tension readings from the tension sensor 
constant.   
Another improvement that could be made to the new hysteresis brake design would be to use a gearbox 
with a larger gear ratio.  One problem with the current system was that the motor turned faster in one 
direction than the other due to the resistance in the magnet and hysteresis plate.  This created error in 
positioning of the magnetic disc in that the disc adjustment was inconsistent when based on a specific 
time interval.  A correction factor had to be added to the new braking system to account for the 
difference in angular velocity of the motor in the forward and reverse directions.  A gearbox with a 
larger gear ratio would eliminate some of this effect by creating less torque required from the motor 
and also decreasing the output angular velocity.  Decreasing the output velocity would allow the motor 
to run for longer time periods and decreasing the torque on the motor would cause the angular velocity 
of the motor in either direction to be more equal. 
Although it was not stated as a requirement for the project, Fort Wayne Metals asked if it was possible 
to increase the braking torque output of the original magnetic hysteresis brakes.  One way to accomplish 
this while remaining close to the existing design would be to add additional magnets to the adjustment 
disc.  The design group looked at this at during the planning stages of this project, although did not 
pursue this due to many unknown variables that could arise from altering the adjustment disc.  If this is 
to be pursued in the future, adding additional magnets in the adjustment disc should increase the 
torque output of the hysteresis brake.   
A final improvement that could be made to the new hysteresis brake design would be to redesign the 
gearbox side of brake to better position the center of spool with the barrel’s axis of rotation.  It was 
observed that fleet angle has a considerable impact on the output tension of the cradle.  If the spool was 
aligned closer to the center of the cradle, the tension fluctuation due to changing fleet angle could be 
decreased. The effect of the fleet angle cannot be decreased without creating additional contact points 
on the wire such as a pulley or bar.  The fleet angle problem was not considered in the new braking 
design because Fort Wayne Metals stated that the group was to limit wire contact as much as possible.   
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Section 8: Conclusion 
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The report has described and analyzed the constant tension braking device that was created for Fort 
Wayne Metals.  The brake is for use in a Bartell B-62 tubular strander.  The new design allows for 
wireless adjustment of the brake before, during, and after operation.  The brake is made to set itself 
with user inputs from the strander PLC and decrease the torque during operation to attain constant 
tension.  This new brake design provides more accurate and consistent tension as the wire pays off the 
spool at differing radial distances. 
The new constant tension braking design employed the magnetic hysteresis concept in which 
neodymium magnets are allowed to pass in close proximity to a hysteresis plate. The distance between 
the magnets and hysteresis plate determines the braking torque, which was controlled by rotating the 
threaded adjustment disc about a finely threaded shaft.  To control the rotation of this disc in the new 
brake design, a motor and gear train assembly was selected to rotate a coupler that transferred the 
output gear’s rotation to the adjustment disc.  As the motor and gear train would rotate the coupler, 
steel pins on the coupler protruding through small holes on the adjustment disc would rotate the disc on 
its threaded shaft.  This rotation about the threaded shaft translates and rotates the adjustment disc 
along the shaft to adjust the distance between the magnets and hysteresis plate, thus adjusting braking 
torque during operation. 
Testing was performed using several wire diameters over a range of desired tensions.  The system 
showed a substantial improvement over the previous design by reducing the fluctuation in tension over 
the life of the spool.  It held the average wire tension closer to the desired wire tension, and 
substantially reduced the standard deviation of the collected tension data in comparison to the previous 
braking system.  Overall, the tension fluctuation was decreased by over 10 percent on average 
throughout all testing trials. The most significant recommendation for the system would be to 
implement a feedback controller with a tension sensor to eliminate error that was observed in the 
designed time-controlled system. 
The redesigned braking system fits within the barrel of the B-62 strander.  The design uses the original 
magnetic hysteresis brakes, therefore there is no dry friction braking and the new brake covers the 
entire torque range of the original braking system.  Just as the original system a 4.5” plastic Crellin spool 
can be used.  The project met the allotted $10,000.00 requirement for this project.   
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Section 9: Appendices 
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Figure 32: Rear End Plate 
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Figure 33: Front End Plate 
 
 
Figure 34: Cradle Bottom Plate 
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Figure 35: Cradle Right Side Plate 
 
 
 
 
Figure 36: Cradle Left Side Plate 
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Figure 37: Cradle Bearing Tube 
 
 
Figure 38: Center Shaft 
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Figure 39: Coupler Mechanism Model 
 
